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Significant increases in shoulder fle.xibility, significant decreases in 
lower back-hamstring area and no significant changes in groin a~ea were 
seen after Sf;asou-long PNF treatments·. Significant increases of sh0u.lder, 
groin, and lower back-hamstring area were seen immediately after treat-
ment and maintained at least 30-min. during within-day tests. Collega 
age males (N = 23 for season-long study and N = 15 for withln-day test) 
competing in college football participated in the study. Treatments 
con.sisted of .6 ses~ions per wk for the entire FB season. PNF techniques 
wex·e used and held for 3 sets of 5 sec · each. Test-retest procedures, 
pre-, post-, and 5-wk tests, and pre-, post-, 15-min, and 30-min tests 
mean changes were analyzed using Pearson r and dependent ~analyses. 
X change differences were analyzed using ~~OVA and Tukey procedures. 
Significant (p f .05) mean changes occurred in Sit and Reach and Shoulder 
F]exibility tests i.n the season-long ·study. Mean changes observed., 
between pr~··t~st and 30-min test of all within-day tests, were found to 
be significant (p ~ .05). 
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CHAPTER I 
INTRODUCTION 
For many yea~s coaches and athletes have used stretching 
exercises for the purpose of increasing flexibility. With an increase 
i.n flexibility, it was hoped there would be an improvement in perfor-
l!lance and a decrease in th~ amount of lnjuries. Desiring t:o increase 
flexibility, both coach and athlete. have turned to the use of static 
stretc;hing, ballistic .stretching, and a comblnation of static and 
ballistic stretching to meet their goal. In all cases, each type of 
stretching investigated has been sh:)\;n to result in improved flexibil:tty 
{Cureton, 1941; deVries, 1962; Riddle, 1956; and J~iverman, 1970). 
For many years, football c<"'aches ha"tle bad their athletes stretch 
·with the purpose of .tncr~~asing flexibility. Since ther.e is a limited 
body of research on th~ effe.::-ts cf. stretching on football players, evi-
dence has been absent which might help the football coach understand 
the effects of stre.tc!lilig prcgr~:ms on football players. The one study 
reviewed on football players concluded that football players at the 
college level scored lower on tests of specific flexibility than ether 
college students {Sigerseth, 1950). 
For many years, progr~s for reconditioning and rehabilitation 
of patients with orthopedic a~d neuromuscular disabilities have been 
besed on proprioceptive neuromuscular facilitation (P .. N.F.). In recent 
years, athletic trainers at several universities and colleges have 
recommended th2. use of s:veral P.N.F •. techniques for the increase of 
flexibility for athle~es. .Alth.t:-ugh thare .has be.e.n an increase in the 
use of P.N.F. techniques, minimal documentation and research exists 
regarding neu1·omuscular facilitatipn as it relates to athletes and 
flexibility training (Houglum, 1975). 
Although it is widely believed that ballistic and static 
stretching exerci.ses increase flexibility and thus, reduce the chance 
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of injury (O'Neil, 1976; Klein, 1971; Cureton, 1941; O'Sullivan, 1975; 
Powell ~· al., 1976), recent studi.es present evidence that stretching 
programs using P.N.F. techniques will increase flexibility to a greater 
degree than either ballistic or. static stretching programs (Holt,~· al., 
1970; Tanigawa, 1972). 
One of the variables that affects flexibility is injury. 
Athletes participating in football ma.y face a g.reat.:r frequency of 
injury than rtthletes in other sports, and injury tnay be a factor leading 
to the decrease of flexibility. Effects of stretching programs on 
football teams over the length of an entire foo~ball season have little 
to minimal research and documentation to aid the football coach in the 
area of increased flexibility. Although football ccachefl continuully 
provide practice time for flexibility training, littla remains k~own 
about its usefulness in maintaining or. increasing flexibility. 
State~ent of the Preble~ 
The purpose of this study was to examine the effect of a 
stretching program using P.N.F. techniques on the South Dakota State 
University football team during the 1979 football season. 
Hypotheses_ 
The following hypo theBes ~:~re investi.ga.ted: 
1) It was hypothesized there would be no significant mean 
differences in flexibility measures among pre-, post-, ~nd 5-week 
retention test values of the sit .and reach, groin, and shoulde1.· tests. 
2) It wa.s hypothesized there would be no significant mean 
differences in flexibility measures .among pre-, post-, 15-minute, 
and 30-minute test values of the sit eittd reach, groin, and shol"..lder 
tests .. 
Significance _of the Study 
There have been two leading types of stretching exercises used 
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in physical educati·jn and athletic.z--static stretching and ballistic 
str~tchinb. Ballistic stretching, referred to as fast stretch, involves 
repet1tive rebound L1ovements ~.·h!ch are aimed to,~ard a g-ra:iu&l progressive 
increase of flexibility. Static stretch, referrec to as slow stretch, 
involves the use of held stretch position which may or may not be 
repeated. With static stretching, ballistic s~retching~ and combinations 
of the tl\,.O, evidence has been pi:.::!sented that all three have improved 
flexibility (cl..:!Vties, 1962; :L.ive.rlili:.n, 1970; RidJle, 1956). 
Studies of stret~hing programs using P.N.F. techniques concluded 
that flc:xibility ~--3.S increased more .:3ignificantly with P.N . F. exercises 
the.n ball is tic or static stret.::hing exeA:cises (Holt, ~- al., 1970; 
Tanigawa:t 19'J'2). The P .. ~T.F. technique used to increase flexibility in 
the above investigations was a co~tra~t~ relax, and stretch sequence. 
It is believed that a !1".axim.:1lly COl.ltr~.c l.~:ci antagonistic muscle, when 
m~~im~lly resisted, allowing no range of ffiOVement, following a brief 
period of rela~ation will increase .the agonistic range (Hoover, 1969). 
The period of relaxation between contraction and stretch allows the 
muscle to become more elastic and to be stretched t\-;ice its lnitial 
length (Bozler, 1951). 
Some believe that increase:d flexibility prevents injuries; 
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ho\'lever, there is 1.ir;tle documentation to support this belief. Opinions 
abound in the literat·nre reviey;red concerning injury and flex:l.bility. 
Examples of these opinions were presented by O'Neil (1976) at a symposium 
-
of athletic trainers discussing hamstring and groin strains where it \-Ja.s 
stated that a lack of flexibility was the cause of those injuries. 
Rose (1979) stated that in racquetball, an app1:opriate stretching progJ.:s.m 
was a p~ecaution to prevent injuries, and Klein (1971) stated that a 
preventive measure against shin splints was maintenance of flexibility 
in the gastrocnemius muscle. 
Three studies which have investigated the effects of flexibility 
upon injury have presented conflicting conclusions. Powell, ~· al. (1976) 
stated that sprains and strains were reported to be the general injury 
I 
in fall football practices at Big Ten schools, hamstring strain being the 
predominant injury. A three-day conditioning period may .not be adequate 
· for preparing the football player for the season. Powell e phasized that 
fle~ibility us well as strength and endurance should be included in a 
pre-season program (that period of time before the athlete reports to 
football _ catl'p). A supporting conclusion was reached in another football-
related study that there was an inc:-ea..;ed incide.nce in muscle tears in 
leas flexibl E;' members of a professional football team (Nil~hol.!ls, 19"70). 
In contrast, Jackson (1978) presented results that indicated that 
flexibility tv as not a predictor of inj nry. 
In the investigations of flexibility previously done, only one, 
Sigerseth (1950), dealt with flexibility as it relates to football 
players. Neither of the stuuies of P.N.F. stretching progrruns had 
football players as subjects. It iG known that F.N.F. techniques 
increase flexibility, but little is known about changes in flexibility 
that will occur if these techniques are performed by football players 
during their competi tive season. 
If stretchi11g programs adl:l.inistered during practice sessions do 
not significantly change the football player's flexibility, then 
alternative programs must be e·xaminec and subs.squent changes made based 
on the findings. 
Terminolcgy 
The followi.ng are terms that are unique to this study: 
Flexibility. Flexibility is the range of possible movement 
in a joint. 
Static stretch. A static str~tch is holding a static position 
for a period of time and locking the joints involved into position which 
places the muscle and conductive tissue at the greatest length. 
Ballist~~stretch. A ballistic stretch is bobbing , bounding, 
and jerky movements in which one body segment is put in motion by 
active contraction of a muscle group, and the momentum is then arrested 
by the antagonist at the end of the range of motion. 
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Prop£ioc~tive Neuromuscular Facilitatjon. Proprioceptive 
neuromuscular facilitation is a program of str~tchlng developed to ai~ 
in increasing range of motion in rehabilitation programs. The theory 
is based on promoting .or hastening the responses of the neuromuscula~ 
mechanism through stimulation of ~he proprioceptors. The technique used 
in this study is the stretch, contract, and relax sequence. 
Scope 
· Subjects for this study were 88 members of the South Dakota 
State University football team. The study began August 11, 1979 and 
concluded with a retention ~e~t on January 14, 1980, the first day 
of the winter conditioning pr.Jgram for the South Dakota State UniverDity 
football team. 
A !leY.!bility pre-test was administered to the subjects on 
August 11, 1979 as part of the physical examinations given the football 
team in preparation for the 1979 football seasou. Four hours later, 
before team members participated in a twe1ve~minute run, a re-test 
was administered. On August 12, 1979, at a regularly scheduled team 
meeting, instructions were given the ,subjects concerning ·the treatmen·c. 
On August 13, 1979, as part ·of the regular football practice, 
a stretching program designed with P.N.F. techniques was initiated. 
The program was conducted during all practices and prior to a.11 games 
until the conclusion of the 1979 South Dakot2 State football season on 
November 24, 1979- Testing was conducted on December 3, 1979 to gain 
information concerniGg any change in flexibility during the treatment 
period. Fle·.r.:ibility t .ests were also administered on .January 14, 1930 
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to the freshmen, s .~pho:nores, and juniors participating in the winter 
conditioning program to record what level of flexibility had been 
retained. 
Limitations 
The following are listed as limitations of the study: 
1) There was no control over a change in flexibility that is 
a result of football accivities auring practices and games. 
· 2) There '1-:a·s no control over: a lot1.gct period of retained 
flexibility due to outside activities of the subjects after the treat-
ment period. 
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CHAPTER II 
REVIEW OF RELATED LITERATURE 
Th~ purpose of this investigation was three-fold. The primary 
purpose was to determine if any changes occurred in specific flexibility 
of football players, using a P .N-.F. flexibility program, during the 
course of the football season. A secondary purpose was to determine if, 
five weeks aft~r the end of the season, any changes in flexibility that · 
occurred were maintained at significant levels. The third purpose was 
to determine if any immediate change occurred in flexibility with the 
use of the P.N.F. program. The review of related literature constitutes 
an investigation into the follol-7ing areas: (1) spec.ificity cf flexfbility, 
(2) types and comparisons of stretching programs, and (3) relationship 
of flexibility and injury. 
~ecificity of Flexibility 
Cureton (1941), in a study of flex:f.bility as a component of 
physical .fitness, stated that flexibility was specific to t he joint 
being tested; therefore, flexibility could not be considered a general 
quality of physical fitness. 
Research in the area of flexibility suggests that involvement 
!n an activity will increase flex~bility. Using subjects participating 
in different sports, Leighton (1957) concluded that flexibility was 
specific to a joint and affected by ac.tivity. Testing 100 college 
baseball players , 100 college basketball players, 50 college swimmers, 
and 4lf college s h·:)t and discus · thr0~~ers, it was concluded that indiv:i.dual 
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joints gained increased flexibility at diffet·ent levels depending on 
the activity. Swimmers and baseball players recorded higher flexibility 
scores on 25 of the 30 tests administered as compared . to the established 
norm for 16-year-old males. Basketball and track athletes were higher 
in 14 of the 30 tests. None of ~he groups followe.d the same patterns 
of fl~xibility; each showed· flexibility in different areas. 
Referring to Leighton, evidence gathered by Puhl (1965) supports 
the conclusion that flexibility . is specific. Using 42 female s!lbjec.ts, 
it was found that participation in an activity will increase the range 
of motion of the speciflc joint areas to ·the degree which is required 
for that activity. It was also concluded that a stretching technique 
used for increasing specific ranges of motion will not be cffecti~e in 
increasing the flexibility for the entire human body. Trunk flexion-
extens:f.on, left shoulder extension, and left laip B:bduction ~.-,ere found 
to be t!ae easiest areas in which to !.r4cre;:1se th~ range cf tt.otion. 
Investigating flexibility changes for 130 college-aged women participating 
in various activities (modern dance~ badminton, golf, swimmi ng, tennis, 
volleyball, and bowling), Allen (1969) found evidence that flexibility 
. 
~s incr~ased in each activity. Although there was an increase, none 
of the groups reached a significant level of flexibility. 
It has btZen found that an individual cannot have a general char-
acte·.:-~.sti.c called flexibility, bt'.t does have varying degrees of flexibility 
in each joii'!t of che body. In testing a group of 300, 6-18 year-o!.d 
females~ evidence indicated that flexibility was a function of specific 
factors and not a general factor (Hu~prich, 1950). Ambuehl (1969), 
investigating the nor-L~s of flexibility of 87 adult women, concluded that 
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flexibility depended less on age and more on the structural make-up and 
physical activities of the subjects studied. Supporting the evidence 
that flexibility is not only specific to the joint but also to the 
individual was Dickinson's (1968) study which investigated the specificity 
of flexibility in 50 college-aged males. 
In yet another study, Harris (1969) supported the evidence that 
flexibility is specific. In a factor analytic study of flexibility 
using 147 college women, it was .concluded that no evidence exists that 
there is a single general characteristic of flexibility in the human 
body. No one composite test or one joint action measure can give a 
satisfac~ory index of the flexibility characteristics of an individual. 
It was also concluded that using composite scores from tests of fler.i-
bility would not give a satisfactory assessment of the flexibility of 
the body. 
Different conclusi ons have been presented by investigators when 
examining age as a factor of flexibility. Hupprich (1950) concluded that 
from age six to twelve the flexibility scores increased wit t he years, 
but declined after age twelve. Subjects' scores lowered after adoles-
cence was reached . In support of Hupprich, Leighton (1964) presented 
evidence, while studying six to eighteen-year-old males, that after age 
twelve the subjects' flexibility decreased. Leighton concluded that the 
decline in flexibility may have been affected by a change in movement 
pattErns rather than an age characteristic. Hall (1957), when standard-
izing f1~Yibility te~ ts for 4-H groups, found no trends by age or body 
type for ~l~xibility the only exceptions were that olrler, stronger~ 
and harder-muscled boys rece. ~.ve.d lo"Ner scores on the flexibility tests. 
11 
than the others and that of the 8,900 subjects, females recorded high~r 
scores en the flexibility tests. 
In invE·stig.ations of relationships between the length of body 
segments and flexibility scores, Harvey (1967) concluded that there is 
no signiflcant relationship between the lengths of body segments and 
the t·esults obtained from a bend and reach test. Evidence reported in 
a test of college-aged women indicat~d that when using bend and reach 
or sit. and reach tests, subjects \-lith longer trunk-arm measurements an.d 
short legs had an advantage, ~-1hfle subjects with long legs and short 
trunk-arm measurements lo:rere at a disadvantage in obtaining good scores 
(Broer, 1958; Wear, 1963). Mathews (1957) in studying 66 college fresh-
man females stated that there also was no relationship between three 
tests of flexibility and ~measurements of trochanter to the floor, 
standing reach, and standlng height. 
Comparisons of Stretching Programs 
Sufficient evidence has been reported to suggest tha t both 
~tatic stretching and ballistic stretching methods increase range of 
m~tion. deVries (1962), studying 57 male college students, and 
Bridell (1969), studying 92 male college students, both reported static 
stretching significantly increased flexibility. In studies involving 
feu1ales • increases were reported significant (p ~ • 05) using static 
stretching (McCue, 1953; Puhl, 1965; Shasbr, 1976). Puhl studied the 
effects of a four-week static stretciling program on 42 college students. 
McCue used 18 college studentc t1J inveati.gate a three-week program of 
Gtatic stretching. Shas~y' s study ~"'as oi nn e ight···~.veek program of 
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static stretching for 61 young and elderly females. Results from an 
inve.stigation of 92 reale college students also showed significant 
incr~ascs (p ~ .05) (Twietmeyer, 1972). ·Holt et. al. (1970) reported 
that iumediat~ly after a treatment pericd of static stretching exercises, 
range of motion was significantly . incceased in the 24 male college 
students used in the study. A significant ciecre&se in flexil::·ility was 
reported by Landreth (1957) when usi,r1g static stretching exercises with 
42 col ;lege male~. The stuciy consisted of four trc.nt~ent d'lys and two 
te.sting day£ and investigated the hypot.hesis that over-stt·etching aud 
under-stretching shortened muscle length. · 
deVries (1962) and Bti.icll (1969) in similar studies, both 
found ballistic stretching also increased range of motion significantly 
{p .01). Hansen (1962) reported slgnificant increases (p ~ .05) of 
flexibility with the use of a ballistic stretching program. The effects 
of ballistic stretching on the hamstring and lower back was studied with 
33 nj.nth grade students by Hansen. Eviden.ce presented by T•.vietmeyer 
{1972) su~ported Hansen's significant findings at (p ~ .05). Weber and 
Kraus (1949), while studying 50 six to twelve-ycar-oldti, concluded 
ballisti.c stretching exercises would significantly increase flexibility. 
The same significant increase ~~as reported by Landreth (1957) using 
ballistic stretching exercises. 
P.N.F. techniques were fir&t used for treatment of subjects 
With paralysis (Kabat, 1952), and the res·ults were found to be extt:ereely 
effective. Application of the first P.N.F. techniques was extcndf~d by 
Kactt and Voss (1965) -.,:rhen the.)" used the t:echniClues fer the. rehabilitation 
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of patients 'With OC;uromuscular disabilities and other orthopedic problems. 
In past years, athletic trainere at. several universities and colleges 
have recommended the use of P.N.F. programs for the increase of flexi-
bility in their athletes. According to Houglum (1975), there has been 
an increase in the use of P.N.F.~ _ but minimal research and documentation 
exist regarding neuromuscular fac.ilitation as it relates to athletes. 
A contract-relax technique t~ L!seti wit~ subjects having a marked 
limited range of motion. Similar techniques are used in athletic train-
ing to increase flexibility in attil~tes. Theory behind the effectiveness 
of P.N.F. is that a maximally contractfng qntagonistic muscle, when 
maximally resisted, allowing no range of movement, followed by a brief 
period of relaxation will increase the agoni~tic muscles elasticity 
(Hoover, 1969). Tanigawa (19~2) found, while researching P.N.F. tech-
niques., that when extreme stretch is applied to a muscle the Golgi 
tendon organs become stimulated, then inhibit the alpha motor neurons of 
the muscle being stretched, causing the muscle to relax. 
Affect of the relaxation phase on flexibility has been presented 
by Bozler (1951) in a study of the mechanism of relaxation in extracted 
muscle fibers. Evidence showed that after contraction, during the 
relaxation phase, the chemical ATP returns to muscle fiber. With the 
addition of ATP to the resting muscle, there is increased d i stensibility 
aud muscle fiber becomes highly elastic. It was further concluded that 
muscle fiber could be stretched more than twice its initial length after 
~ contr4ction. The muscle fiber did not have the same qualities when 
ATP was pzevented from returning during relaxation. In a latter study, 
'JCOCrt: 
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Boz1er (1952) reported that ~fter a contraction, with the addition of 
ATP to an extracted muscle fiber, the fiber did not return to its 
initial length as fast as it did without ATP. Like Bozler, Sweigard 
(1974) stated that muscle fibers can be stretched 1.6 times their or!-
gina1 length. · It was further pointed out that a contracted muscle 
continues to retain its elasticity, even when the muscle is being con-
tracted, and when the muscle is being contracted it is being stretched. 
Evidence of that ability is seen when using resistive exercises such 
as isometric exercises. 
The P .N .F. t~chnique of contrhct-relax-stretch should 'be effective 
in increasing flexibility. In recent years research has been conducted 
to support that statement. Holt~· al. (1970), stuclying thE effects 
of static stJ::etching, ballistic, and P·.N .F. stretching techniques on 
24 college males, concluded that P.N.F. stretching techniques signifi-
cantly increased flexibility (p ~ .01) level. Turner (1977), in a study 
of 12 elementary female basketball players, and Sink (1976), studying 
24 college males, both presented results that showed signifi ant increases 
·!u flexibj.lj_ty {p ~ • 05) with the use of P .N .F. stretching techniques. 
Sink further showed that increase cou~d be greater if a six-second 
contraction was used instead of a three-second contraction. With the 
six-second contraction, the increase of flexibility was significant 
(p ( • 01). -
A review of the literature indicates that the three methods most 
widely used tc increase range of motion are static stretching, ballistic 
e~r~t hi d p N F s·trntching Evidence has been praacnted that al_l o " · ... ~ c ng , f'd1 • • • t..: , .. -
three methods are effective in eign:i.ficantly increasing range of motion. 
Questions of compa=isons have not been answered. What difference is 
there betwe~n each type of stretchit~? Which increases are produced 
most efficiently? 
There has been little evidence presented. by researchers that 
there is any significant differe~ce in increased fla~ibility obtained 
by us:l.ng e:f.ther the static stretching techniques or the ballistic 
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stretching techniques. Weber and Kraus (1949) concluded, while inves-
tigating the effects of ballistic and static stretching in increasing 
the hamstring and combined back-hamstring-gastro-soleus muscle groups, 
that ballistic stretching ltras more effective t:han static st:retching in 
increasing flexibility. The ballistic method was 200 percent more 
effective in stretching the hamstring muscle and 100 percent more 
effective in stretching the co~bined back-hamstring-gastro-soleus 
muscle groups in the 50 six to twelve-year-old boys and girls studied. 
Other studies concluded there was no significant difference 
between static and ballistic stretching. Riddle (1956), using 252 
college women as subjects, presented evidence that there was a signi-
ficant increase in flexibility using either stretching method (p ~ .05). 
There also ~.¥as nc significant differeuc~ in increased flexibility 
4 
achieved by using static stretching, ballistic stretching, or a combina-
tion of the two techniques. In studies examining the difference between 
stati.c and ball:f.sttc stretching exercises deVries (1962), using 57 male 
college students, and Br:idell (1969), using 92 male college students, 
significant increases in flexi.bility THere recorded (p.!. ~01) using both 
techniq-ues. As in Riddle, there. was 110 <.tlfference found b~tween increases 
obtained from using either stre tchinz ~ec!m:!.~'.le or a combination of the 
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two techniques. Other investigators (Livet~an, 1970; Twietmeyer, 1972) 
bave found similar s:f.gnificant incr.eases (p ~ .05) in flexibility. 
Landreth (1957) found no significant difference betwee~ changes in 
flexibility obtained by static and ballistic stretching> although a 
d.ecrease in flexibility was noted .. 
A t·cview of studies concerned with the difference between P.N.F. 
stretching techniques and two other .methods of stretching, static and 
ballistic, presented mixed conclusions. Referring to Holt et. al. (1970), 
all three stretching techniques indicated significantly (p ~ .OS) increased 
ranges of motion. Furthermore, results showed that the increase achieved 
by using P.N.F. techniques was significantly greater {pi .0001), than 
that achieved by using static or ballistic techniques. The static and 
ballistic methods reported a mean score increase of .75 inch as compared 
to 2.1 inches with P.N.F. 
In comparing P.N.F. techniques with a static stretching method 
on 36 males, Tanigawa (1972) concluded that P.N.F. techniques not only 
increased the range of motion to a greater degree, . but a.lso achieved 
that increase at a faster rate than the static method • 
. 
Turner (1977) reported in the study comparing P.N.F. stretching 
and static stretching, results showed no significant difference (p l . OS) 
· between increased flexibility using either P.N.F. methods or static 
Relationship of Flexibil:ttv and In1ury 
"Injury prevention and flexibility are synonymous to certain 
people, but little evidence has been presented to either prove or 
disprove this belief. While ·injury prevention is not in the scope of 
this study, it will be reviewed as possibly having a. connection with 
flexibility. 
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O'Neil (1976), at a 1975 symposium of athletic trainers, while 
discussing hamstring and groin st~ains, stated that one of the primary 
causes of muscle strains is non-flexibility. In racquetbaJ.l, Rose (1979) 
stated that one of the precautions taken to prevent injury is an appro-
priate stretching program. Klein (1971) presented the information that 
maintenance of flexibility in the gastrocnemius muscle will act as a 
preventive measure in the prevention o! shin splints. Evidence stated 
by deVries (1961) supports Klein, that under certain conditions, the use 
of static stretchfng techni~ues following an unaccustomed exercise seems 
to provide some measure of prevention of ensuing muscular distress, and 
that it seems to provide a useful technique for some athletes for the 
relief of chronic muscular distress such as shin splints. Barnes' (1978) 
vie~point presents a differing opinion that strength, not flexibility, 
prevents injuries. Klafs (1977) presents another viewpoint, stating 
that injury to muscle cells will cause the muscle to become less elastic 
and lose flexibility~ 
Cureton (1941) stated tb~t deliberate conditioning thrqugh 
strength and flexibility exercises does seem to prevent inj ries in 
combative activities, or thosP- activities i .n which the body must meet 
severe stress during collisions, sudden twists, falls, and maxinmm 
speed and enduranc~ efforts, otherwise "pulled tendons" or "pulled 
muscles" are connncn. Cureton a·lso states flexibility exercises, if 
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built up to sufficient dosage, are a factor basic to pt·eventing injurie.s 
in many sports. 0' Sullivan (197 5) , . in his article on the 197 5 Cleveland 
Indian baseball team, also credits stretching with preventing muscle 
pulls and sprained ankles during the 1975 spring ·training. 
Powell et. al. (1976) conducted a study of the fall football 
practice procedures of the Big Ten Conference. Their survey of all 
Big Ten Conference schools found that sprains and strains were the 
general injury in fall practice.· The hamstring strain was the predomi-· 
nant injury. The conclusions of the survey stated that athletes had 
been lulled into neglecting a _well-rounded program, because under N.C.A • .A. 
rules the first three days of fall practice were for conditioning 
purposes. The well-rounded program should emphasize flexibility as 
well as strength and endurance. 
Nicholas (1970) conducted a thre:e-ye2r study of the New York Jets 
professional football team. He concluded that ·the more flexible athletes 
had less power and endurance than the less flexible athletes. There was 
an increased incidence of ligamentous rupture of the knee occuring in 
the more flexible and increased muscle tears in the less flexible. 
Jackson's (1978) findings from a study of 2,300 West Point cadets 
did not support the idea that exercise prevGnts injury. Instead, Jackson 
concluded that injury could not be predicted. by a persc,n's f lexibility. 
Sumarx_ 
From the literature revi.ewed for this study, it appear s tha.t 
flexibility is specific to joints and is not a characteristic of the 
er..tir.e body.. Fle~Jbility is specific not only to each joint, but also 
to the activity in which a person is participating. Also suggested is 
a decline in flexibility after age .twelve. 
The most widely used methods of increasing flexibility are 
static and ballistic stretching programs. Neither program has been 
shown to be superior to the other in increasing flexibility. The least 
used program, P.N.F., also has proven to be effective in increasing 
flexibility. Results of studies comparing all three programs show 
P .. N.F. effective in producing a ·greater range of motion. 
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Many authors are of the opinion that flexibility prevents injury. 
Although the l'iterature reviewed shows that flexibility may prevent 
certain ' injuries, it has been shown to enhance the possibility of l~ga­
ment injury. Literature reviewed suggests that flexibility is not a 
predictor of injury. 
CHAPTER III 
METHODS Ah~ PROCEDUf(ES 
The purpose of this study was to investigate the effects of 
P.N.F. stretching techniques on football players. In this chapter the 
procedures employed are described in the following sections: (1) Organi-
zation of the Study, (2) Source of the Data, (3) Administration of 
Treatment, (4) Collection of the Data·, and (5) Instrumentation. 
Qrgapizaticn of the Study 
Members (N = 23) of the South Dakota State University football 
team participated in a stretching program based on P.N.F. techniques 
wrLich were designed by Kabot (1952) and later refined by Voss and Knott 
(1965). The treatment 'Ylas iuit:f.ated on August 12, 1979, the opening day 
of football practice, and concluded with the last game of the season 
November 27, 1979. 
Two days prior to starting the program, data were collected on 
range of moti.on, height, weight, age, and skinfold. Three areas were 
measured for range of motion: (1) hamstring-back-gastro-soleus muscle 
group, (2) shoulder, and (3) groin. Stations for all measurements were 
set up as part of a physical examination given to all members of the 
football team. Several hours later subjects were retested efore they 
participat~d in a 12-minute run. 
There were three additional dates when data were collected; at 
all tim~s the same instrureents and procedures were used. First, on 
October 4, 1979, fifteen subjects volunteered to participate in a 
sub-study to investigate any immediate change in range of motion .• 
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Subjects were tested, administered the treatment, tested immediately, 
and retested at fifteen-minute intervals. During the week of December 7, 
1979, the post-test and re-tests were administered to all subjects at 
the H.P.E.R. Center. Final data were collected January 14 and 15, 1980, 
before subjects started participating in an off-season conditioning 
program. 
Source of Data 
Subjects (N = 23) for the study were members of the 1979 South 
Dakota State University football team. Subjects participated in the 
study as part of their football practice sessions and pre-game warm-ups. 
All subjects were male college students. Physical characteristics of 
the subjects appear in Table I. The mean age was 19.8 years with a 
range of 18.0 to 22.0 years. The group mean weight was 89.7 kilograms 
with a range of 75.0 to 116.8 kilograms. Mean height was 186.3 centi-
meters with a range of 175.4 to 196.1 centimeters, and 11.1 percent was 
tl1e percent body fat of the group, with a range of 5.9 to 19 .8 percent. 
Any su~ject receiving an injury to any area being studied or an 
injury preventing subject from partic~pating in practice for one week 
were eliminated from the study. A number of subjects were dropped from 
the study when they resigned from the football team. Subjec t s not able 
to participate in all testing sessions of the main study wer e also dropped. 
Of the original 88 subjects, only 23 subjects remained after the above 
criteria was implemented. 
TABLE I 
PHYSICAL CHARACTERISTICS OF SPBJECTS (N•23) 
-
X SD cv Range 
Percent Body Fat 11.10 3.54 32.00 5.91 - 19.84 
Height (em) 186.32 5.77 3.10 175.40 - 196.10 
Weight (kg) 89.72 11.34 12.64 75.00- 116.80 · 
Age (yrs) 19.83 1.07 5.40 18.00 - 22.00 
.. _, 
t-v 
" 
Administration of Treatment 
Treatment used for the study consisted of four s tretching 
exercises bas~d ~n P.N.F. techniques. A neck exercise not included 
as part of the study was also done by the subjects; however, this 
additional exe.rcise did not affect the areas studied. · Subjects were 
administered treatment prior to practice each day and prior to games. 
Gr.oups were organized according to playing position, and the subjects 
were paired within the groups. Coaches of each position were assigned 
one of the five groups and gave exercise commands. 
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Instructions given by the coaches were the same for all exercises. 
Partners were instructed to move the joint to its limit of range of 
motion. Then the "contract" command was given which instructed the 
su'bject to maximally contract against · the maximal resistance offered by 
the partner. A five-second count was given followed by the "relax" 
command. Upon hearing the "relax" command, the subject was expected to 
stop contracting and begin relaxing the muscle area. The partner was 
instructed to "take up the slack" which is done by moving from the 
original limit to a new limit of range of motion. On August 11, 1979, 
the day prior to the start of the treatment period, those instructions 
and demonstrations were presented to the subjects by South Dakota State 
University' s Head Athletic Trainer, at which time the subjects were 
asked to perform each exercise. 
Shoulder Stretch. The position for the subject performing the 
shoulde+ stretch exercise was to stand with feet apart, arms parallel to 
shoulde·L"s, arms straight, thumbs up. Partners wert:: instructed to stand 
behind subject and grasp his wrist and pull· the arms back horizontally 
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until the limit cf range of motion w~s reached. The exercise then 
progressed as the "contract," "relax,..'' and "take up the slack" ins true-
tions were given by the coach (Figures I and II). 
Hip Flexor Stretch. Subject was instructed to be face down 
while the partner, kneeling, placed· one hand on the . subject's buttock, 
the leg on the same side is supported under the knee by the partner's 
other hand. Both then followed the "c~ntract," "relax," and "take up 
slack" i~structions given by the coach (Figures III and IV). 
Hamstring Stretch. Instructio~s to the subject were to lie on 
his back, one leg locked and kept extended., the opposite leg locked nd 
flexed at the hip as fat· as possible. The partner was instructed to 
kneef, place the ankle of the fle:r.ed leg on h:i.s shoulder, and grasp just 
above the knee with both hands. Partner's knee was placed over subject's 
extended leg. Partner moved other leg forward unt~l limit of range of 
motion was reached. "Contract," "relax," and "take up slack" commands 
were then followed (Figures V and VI). 
Groin Stt:etch. Subjects ~1ere instructed to sit on the ground, 
bend knees, place balls of feet together, spread legs open as far as 
possible, and lean back on hands for balance. Partner was instructed 
to kneel in front, with hands plac.ed on inside of knees to block abduct-
ing and to apply pressure downward until range of motion was r eached. 
"Contract," "relax," and "take up slack" instructions were administered 
by the position coach (Figures VII and VIII). 
Collection cf Data 
Four data collection periods were conducted for the study, ~11 
using the same three instruments to rucasure rangt? of motion. 
·._., 
~,. ......... ~_.. 
Figure I 
Starting Position f or Shoulder Stretch 
·.~; 
Figure II 
Contract Position for Shoulder Stretch 
N 
ln 
Figure III 
Starting Position f or Hip Flexor Stretch 
Figure IV 
Contract Position for Hip Flexor Stretch 
N 
""' 
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Figure V 
Starting Position for Hamstring Stretch 
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Figure VI 
Contract Position for Hamstring Stretch 
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Figut:'e VII 
Starting Position for Groin Stretch 
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Figure VIII 
Contract Position for Groin Stretch 
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Each collection period included a re-test except the immediate change . 
test on October 4, 1979. Data were first collected for each subject on 
August 10, 1979 between the hours of 1:30·-3:00 p.m. in the locker room of 
the H.P.E.R- Center on the South Dakota State University campus. Each 
subject's height, weight, and age .were recorded by student trainers as 
part of the subject's physical examination for the 1979 football season. 
Skinfold measurements were then taken by South Dakota State University's 
Assistant Athletic Trainer, followed by testing at three stations to 
measure range of motion in lower back-hamstring muscle group, shoulder, 
and groin areas. The test instrumentc were administered . by the author . 
and two fellow graduate teaching assistants who recorded three measure-
ments from each subject. The mean of the three was used in the study. 
Several hours later a re-test was adm~nistered between 6:30-7:30 p.m. 
The same procedures were used as in the first collection of data. 
One week after conclusion of the football season and the end of 
the treatment period, the week of December 7, 1979, post-testing and 
re-testing cccured in the locker room of the H.P.E.R. Center. Subjects 
were assigned times to be tested and reported between 3:00-3:30 p.m. to 
be tested. All procedures and testing personnel were identical to 
pre-testing. 
To detect any change in flexibility five weeks after the end of 
the treatment, subjects were administered the three tests January 14 
and 15, 1980. Tests were administered between 3:30-4:00 p.m. both days 
in the weight room of the Intramural Building on the South Dakota State 
University campus. This time was chosen because immediately afterwards 
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the subjects were to begin an off-seaso~ conditioning program which 
contained a stretching program identical to the treatment. 
Collection of data for a sub-study to investigate immediate 
change and retention of range of motion was conducted on October 4, 1979 
with 15 volunteers. The tests were administered in· the football locker 
rooms at South Dakota State University. Subjects were tested, administered 
the stretching program, and retested , .with further re-tests administered 
at intervals of fifteen minutes. 
Instrumentation 
Three flexibili.ty tests were used in the study to measure range 
of motion of the subjects. A modified version of the Wells Sit and 
Reach Tes~ was used to measure lower back-hamstring muscle group. 
Counsilman's Shoulder Flexibility-Horizontal Test was used to measure 
horizontal shoulder range of motion. A groin flexibility test was 
designed by the author, with the advice of South Dakota State University's 
Head Athletic Trainer. The test was design~d to be similar to the stretch-
ing exercises for the groin area (Appendices A, B, and C). 
Shoulder Flexibility-Horizontal Test. For this test, the subject 
sat with back erect, legs extended, and knees straight. Subject raised 
arms to sides at shoulder height, palms facing forward. Keeping arms at 
sho~lder height and without bending forward or turning palms downward, 
sub,j ect pulled arms back\vard as far as posslble. Each subject was 
instructed not to lower arms as he pulled them backward. A tester mea-
sured th~ distance in centimeters between the styloid process of the ulna 
on one hand to the stvloid process of the other hand. Subjects were -
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in~~ructed to relax and repeat the · test until three measurements were 
recorded. 
Groin Flexibility Test. Subjects were instructed to sit on 
ground, spread legs open as far as possible, and lean back on hands for 
balance. Measurements were made from the medial malleolus of one ankle 
to the medial malleolus of the opposite ankle. The subject was instructed 
to relax and repent the test until three measurements were recorded • 
. Sit and Reach Flexibility Test. A modification of the Wells 
Sit and Reach Test was used. A measuring tape was placed on top of a 
block ot wood which stood twelve inches off the floor. The tape, 
attached to a yard stick, projected out toward the subject. Subjects 
sat with feet firmly placed on strips of tape five inches from each edge 
of the block. Arms were extended forward with index fingers touching 
and reached forward as far as possible. The measurement was made at 
point reached. The test was repeated until three measurements were 
recorded. 
In all tests, the mean of the three measurements was determined 
and used in the statistical analysis of the data. These linear measure-. 
ments were used even though there have been doubts raised questioning 
the validity of linear measurements of flexibility. The study does not 
attempt to compare flexibility of the subjects to norms or t o other 
subjects, but to detect any change in flexibility from pre-test to 
post-test. 
CHAPTER IV 
ANALYSIS AliD DISCUSSION OF RESu~TS 
The purpose of this investigation was three-folcl. The primary 
purpose was to determine if any c~anges occurred in specific flexj.bility 
of football players, using a ·P.N.F. flexibility program, during the 
course of the football season. A secondary purpose was to determine if, 
five weeks afte:.: the end of the season, any changes in flexibility that 
oc~urred were maintained at significant levels. The third purpose was 
to determine if any immediate change occurred in flexibility with the 
use of the l'.N.F. program. 
Analysis of data and summary of the results have been presented 
in five sections: (1) reliability and reproducibility of the Sit and 
Reach test scores, Shoulder Flexibility test scores, and Groin test 
results; (2) representative values for flexibility measures; (3) mean 
changes from pre-test to post-test and five-week tests; (4) immediate 
mean changes from pre-test, post-test, 15-minute test, and 30-minute 
test; and (5) discussion of the results. The raw data on which the 
sta!:lst:f.cal analyses were based are P,resented in Appendix D and E. 
Reliabj.lity and Reproducibility cf the Data 
The test-retest reliability and reproducibility for the pre-test, 
post-test, and five-week retention test of all three flexibility tests 
were assessed by use of the Pearson Product Moment Correlation technique 
for evaluating relative consistency and a paired t-tests technique for 
determining significant differences betl.;een the tests· 
Pre-tests of the Season ~!exi~ility Measures (Table II). 
All three pre-tests, Sit and Reach (em.), Groin (em.), and Shoulder 
Flexibility (em.), indicated high correlation coefficients (r = .87 to 
• 93), but the Sit and Reach and Shoulder Flexj.bility pre-tests were 
significantly (p ~ .05) diff~rent from test to retest. The Groin test 
had no significant difference between test-retest. 
Post-tests of Seasonal Flexibility Measures (Table III). 
The correlation coefficients computed in all three post-tests again 
were very high (r = .98 to .99). The paired t-tests analyses of the 
three post-tests indicated a significant (p ~ .OS) difference from test 
to retest. 
Five-~eek~~tention Tests of Reliability and Reproducibility 
for Seasonal Flexibility Measures (Table IV). The correlation coeffi-
cients between test-retest were high (r = .9S to .99) in all three 
flexibility tests. Only the Shoulder Flexibili·ty test revealed a sig-
nificant (p ~ • OS) difference between test-retest. 
Representative Values for Flexibility Measures (Tables V and VI). 
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Representative values for all flexibility measures were obtained 
by averaging the test-retest scores. A description of the means for 
the season-long values is depicted in Table V and the description of the 
within-day values is recorded in Table VI. These mean values were used 
in subsequent data analyses. 
TABLE II 
PRE-TEST RELIABILITY AND REPRODUCIBILITY FOR SEASON FLEXIBILITY MEASURES (N•23) 
Test 1 Test 2 
Test X SD X SD X6 SEb t 
Sit and Reach (em) 48.48 6.94 50.16 5.86 1.68 .54 3.11* 
Groin (em) 147.57 8.78 149.57 10.70 2.00 .99 2.02 
Shoulder (em) 95.80 22.69 81.04 16.91 -14.77 2.44 6.07* 
*Significant at p < .05 ... 
r 
.93 
.90 
.87 
w a-. 
TABLE III 
POST-TEST RELIABILITY AND REPRODUCIBILITY FOR SEASON FLEXIBILITY MEASURES (N•23) 
Test 1 Test 2 
- -Test X SD X SD X6 SEA t 
Sit and Reach (em) 44.44 7.77 45.65 7.27 1.21 .37 3.29* 
Groin .(em) 146 • .16 13.34 149.23 13.10 2.67 .44 6.10* 
Shoulder (em) 78.20 17.92 77.00 17.52 -1.20 .34 3.54* 
* Significant at p ~ .05 ... 
r 
.98 
.99 
.99 
c.,.J 
...... 
TABLE IV 
FIVE-WEEK RETENTION TESTS OF RELIABILITY AND REPRODUCIBILITY FOR SEASON FLEXIBILITY MEASURES (N•23) 
Test 1 Test 2 
Test X SD X SD X~ SE~ t r 
Sit and Reach (em) 44.70 8.10 44.63 7.75 -.07 .31 .23 .98 
Groin (em) 147.81 13.52 148.28 13.44 .47 .34 1.38 .99 
Shoulder (em) . 76.35 17.95 70.48 16.59 -5.87 1.20 4.90* .95 
* Significant at p ~ • 05 
w 
CX7 
Variable 
Pre-~ 
Sit and Reach (em) 
Groin (cru) 
Shoulder (r.m) 
Post-Test 
Sit and Reach (em) 
Groin (em) 
Shoulder (em) 
TABLE V 
MEAN, STANDARD DEVIATION, COEFFICIENT OF VARIABILITY, 
AND RANGE OF REPRESENTATIVE SEASON FLEXIBILITY VALUES (N•23) 
X SD cv Range 
49.32 6.29 12.75 38.50- 61.85 
148.57 9.50 6.39 129.50-169.00 
88.42 19.14 21.65 56.00-125.65 
45.04 7.47 16.59 25.65- 57.85 
147.89 13.18 8.91 118.35-182.00 
77.60 17.71 22.04 50.20-128.30 
Five-Week Retention Test 
Sit and Reach (em) 44.67 7.99 17.89 24.30- 60.65 
Groin (em) 148.05 13.4~ 9.08 117.00-180.50 
Shoulder (em) 73.41 17.05 23.23 50.0Q-123.30 \,) 
\0 
TABI.E VI 
MEAN, STANDARD DEVIATION, COEFFICIENT OF VA-ltiAB.ILITY 
AND RANGE FOR WITHIN DAY MEASURE OF FLEXIBILITY (N=15) 
Variable X SD cv Range 
Pre-Test 
Sit and Reach (em) 39.57 10.09 25.50 25.00- 58.10 
Groin (em) 147.35 13.13 8.91 127.00-170.00 
Shoulder (em) 84.81 19.43 22.91 56."00-117.00 
Post-Test 
Sit and Reach (em) 45.55 9.13 20.04 32.70- 61.50 
Groin (em) 152.59 14.13 9.26 132.00-177.00 
Shoulder (em) 71.97 16.81 23.36 48.00- 97.00 
15-Minute Test 
Sit and Reach (em) 44.53 9.22 20.71 32.50- 59.30 
Groin (em) 151.24 13.50 8.93 132.00-175.00 
Shoulder (em) 73.47 16.99 23.13 49.70- 98.30 
3Q-Minute Test 
Sit and Reach (em) 44.69 9.06 20.27 32.30- 59.00 
Gro:f.n (em) 150.51 14.10 9.37 
130.00-175.30 
Shoulder (em) 72.58 17.04 
23.48 48.30- 98.70 
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Pre-tests, Post-tests, and Five-Week Tests (Tables VII and VIII and 
Figures IX, X, and XI). 
Paired t-tests were used to analyze the data for mean changes 
between pre-, post-, and five-week test results. To obtain information 
on differences · among mean changes, the one-way analysis of variance 
procedure (ANOVA) was utilized. 
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Statistical analysis of the results obtained from Sit and Reach 
pre-, post-, and five-week tests by paired t-tests revealed two signif- . 
icant differences in mean changes. Results showed a significant (p ~ .OS) 
difference from pre-test means to both the post-test and the five-week 
test means. Although there was a mean change from post-test to five-week 
test, the ANOVA procedure indicated the change to be significantly 
different from the change observed between pre-test to post-test. The 
mean changes observed in the Sit and Reach results were negative changes 
indicating a loss in range of motion. 
Changes in the mean were observed among tests measuring groin 
flexibility. Paired t-tests indicated these changes were not significant 
(p~ .OS), as did the ANOVA procedure when comparing mean changes . 
Paired t-tests results revealed that significant (p • 05) me n 
changes did occur from pre-test to pvst-test and five-week test s. Also, 
a significant (p ~ .05) change was seen from post-test to five-week test. 
A significant (p i .05) difference in mean changes was indicated between 
pre-test to post-test and post-test to five-week test results by an 
v 
ANOVA p~ocedure. 
TABLE VII 
PAIRED T-TESTS FOR SEASON FLE>~IBILITY MEASURES (N•23) 
Pre-Test Post-Test 
- -
Variable X SD X SD X6 SEA t r 
Sit and Reach (em) 49.32 6.29 45.04 7.47 -4.28 .87 4.92* .83 
Groin (em) 148.57 9.50 147.89 13.18 -.68 1.57 .44 .83 
Shoulder (em) 88.42 19.14 77.60 17.71 ·-10.82 3.24 3.34* .65 
Post-Test 5-Week Test 
- -
Variable X SD X SD Xil SE.A t r 
Sit and Reach (em) 45.04 7.47 44.67 7.99 -.37 .39 .. 96 .97 
Groin (em) 147.89 i3.18 148.05 13.45 .16 .72 .22 .. 97 
Shoulder (em) 77.60 17.71 73.41 17.05 -4.19 1.69 2.48* .89 
Pre-Test 5-Week Test -Variable X SD X SD X b. SEA t r 
Sit and Reach (em) 49.32 6.29 44.67 7.99 -4.65 1.06 4.40* .77 
Groin (em) 148.57 9. 50 148.05 13.45 -.52 1. 78 .30 .78 
Shoulder (em) 88.42 19.14 73.41 17.05 •15.01 2.89 5.19* .71 
.1:-
N 
*Significant at p~ .05 
TABLE VIII 
ANALYSIS OF VARIANCE: PRE-, POST-, AND FIVE-WEEK RETENTION TESTS MEAN DIFFERENCES 
Degrees of Sum of Mean F 
Variable Freedom Squares Squares Ratio 
Sit and Reach 
Between Groups 1 165.68 165.68 13.73* 
Within Groups 44 530.78 12.06 
Total 45 696.46 
Groin 
. 
Between Groups 1 7.60 7.60 .22 
Within Groups 44 1498.64 34.06 
Total 45 1506.24 
Shoulder 
Between Groups 1 . 481.98 481.98 ' 3.13 
Wi th:l.n Groups 44 6769.06 153.84 
Total 45 7251.04 
*Significant at p~ .05 
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5-Week 
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Pre-test, Post-test, 15-Minute Test, and 30-Minute Tests for Immediate 
Change (Tables IX and X and Figures XII, XIII, and XIV). Paired t-tests 
(used to determine mean changes) and ANOVA procedures (used to determine 
differences in mean changes) were employed for the statistical analysis 
of pre-, post-; 15-minute, and 30-minute tests to determine immediate 
changes in range of motion. Tukey's w-procedure or the honestly signif-
icant difference (hsd) was employed as· a post hoc test if a significant 
F-ratio . was observed with the ANOVA procedure. 
The 15-minute within-day analyses were excluded because the 
significant mean changes observed, from each pre-test to post-test, had 
not decreased significantly for each 30-minute test. Logically, if mean 
changes had not decreased at the 30-miuute tests there would ~ot have 
been significant decrease at the 15-minute tests. 
Changes in mean scores occurred in the Sit and Reach test results 
from pre-test to post-test and 30-minute tests and paired t-tests indicated 
that the mean changes were significant (p ~.OS). The ANOVA and Tukey 
procedure results (Table XI) show the pre-test to post-test mean change 
significantly (p ~ .05) different than all other mean changes • 
. 
In results from Groin pre-, post-, 15-minute, and 30-minute 
tests, significant (p ~ .05) mean changes were observed between all tests. 
None of the mean changes observed significant (p i .05) differ ences from 
each other, as seen in ANOVA results. 
Paired t-test results also revealed a significant (p ~ .05) change 
b ANOVA and Tukey P
rocedure results indicated the mean 
etween all tests. 
change from pre-test to post-test was significantly (p ~ .05) different 
than all other mean changes. 
TABLE IX . 
PAIRED T-TESTS FOR WITHIN DAY MEASURES OF FLEXIBILITY (N•l5) 
Pre-Test Post-Test 
-Variable X SD X SD X6 SE ll. t r 
Sit and Reach (em) 39.57 10.09 45.55 9.13 5.98 .67 8.90* .97 
Groin (em) 147.35 13.13 152.59 14.13 5.25 .96 5.48* .97 
Shoulder (em) 84.81 19.43 71.97 16.81 -12.84 1.75 7.33* .94 
Post-Test 30-Minute Test 
Variable X SD X SD XA .SE !J. t r . 
Sit and Reach (c~) 45.55 9.13 44.69 9.06 . -·86 .53 .32 .98 
Groin (em) 152.59 14.13 150.51 14.10 -2.08 .66 3.44* .98 
Shoulder (em) 71.97 16.81 72.58 17.04 .61 .97 .78 .98 
Pre-Test 30-Minute Test 
-Variable X SD X SD X6 SE .6 t r 
Sit and Reach (em) 39.57 10.09 44.69 9.06 5.12 .82 6.22* .95 
Groin (em) 147.35 13.13 150.51 14.10 3.17 .79 4.04* .98 
Shoulder (em) 84.81 19.43 72.58 17.04 .:..11.23 1.67 3.64* ~95 
.f:o-
* Significant at p ~ .05 
00 
TABLE X 
ANALYSIS OF VARIANCE FOR PRE-, POST-, 15-MINUTE, AND 30-MINUTE TESTS MEAN DIFFERENCES 
Degrees of Sum of Mean F 
Variable Freedom Squares Squares Ratio 
Sit and Reach 
Between Groups 2 422.42 211.21 43.99* 
Within Groups 42 201.66 4.80 
Total 44 624.08 
Groin 
. 
Between Gt'oups 2 267.87 133.93 .64 
Within Groups 42 8858.18 210.91 
Total 44 9126.04 
Shoulder 
Between Groups 2 9084.20 4542.10 12.21* 
Within Groups 42 15620.46 371.92 
Total 44 24704.67 
* Significant at p ~ . • 05 
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3Q-Minute 
Groups 
Sit and Reach 
Groin 
Shoulder 
TABLE XI 
RESULTS OF TUKEY'S W-TEST (hsd) FOR . 
COMPARING WITHIN-DAY MEAN DIFFERENCES 
Pre - Post Pre - 15-Minute 
5.99 1.03 
15-Minute -
30-Minute 
.. 17 
5.25 1.34 3.17 
28.89 2.85 .65 
Values underlined with same line not different {p ~.OS). 
V1 w 
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D!£cussion of Results 
Discussion of the results have been. presented in four sections: 
(1) reliability and reproducibility of the test scores; (2) results of 
the season-long tests; (3) results of the within-day tests; and (4) dis-
cussion of the stEdy. Results have been discussed . relative to the findinos b 
o~ the study, compared and contrasted to other studies, and hypotheses. 
Reliability and Reproducibility of the Test Scores. The test-
r~test correlation coefficients obtained from all tests conducted were 
shown to be significant (p ~ .05). Three of the nine tests did not show 
s:i.gnificant differences (p ~ • 05), indicating the reproducibility of the 
t~sts to be very low in these three tests. It was observed that in all 
but one test _the results showed an increase from test to retest. Because 
of the significant difference between test-retest, the mean Yas used in 
subsequent statistical analyses. 
The largest mean change observed was in. the pre-test retest of 
the Shoulder Flexibility test (14.68 em.). During all testing sessions, 
subjects were in groups no larger than four,' except during the retest 
session of the pre-tests, where large numbers of subjects waited at 
each station to be tested. It was obse~ed that a considerable amount 
of competition occurred between subjects which may have contributed to 
the improved r etes t scores. The Shoulder Flexibility test was found to 
he the hardest to administer under conditions where subjects competed 
to obtain better results. Subjects, in this test, tended to lower arms 
from the horizontal position. 
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Results of the Season-Long ·Test. The first hypothesis stated 
there would be no signifi.cant mean differences . in flexibility measures 
among pre~, post-, and five-week test values of the Sit and Reach, Groin~ 
and Shoulder Flexibility tests. ·Sufficient statistical evidence was 
present to reject the hypothesis with the Sit aLd Reach tests and 
Shoulder Flexibility tests. The statistical evidence presented failed 
to reject the hypothesis with the Groin test • 
. The statistical evidence revealed that mean changes for the Sit . 
and Reach test occurred between pre-test Hnd post-test. The subjects 
lost flexibility from the start of the program to its conclusion, but 
over the following five weeks the level of flexibility did not change 
significantly~ The ANOVA results indicated that change occurring from 
pre-test to post-test (the time period when P.N.F. program was utilized 
and the football season was in progress) was significantly different 
from change that occurred when treatment was not being used and football 
season was concluded. 
Results from the Groin test showed a decrease in flexibility 
during the treatment period and an increase in flexibility during the 
five weeks following the treatm~nt period. The changes observed were 
not significant (p ~ .05) mean changes. 
Mean changes were observed between all Shoulder Flexibility 
tests. 1-!ean changes (\bserved during the treatment period were signif-
icantly greater than those seen during the five weeks following the 
treatment period. 
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A significant (p ~ .05) change was recorded with the Sit and 
Reach test from the beginning of the seaso·n until its · conclusion, but it 
was a negative change, meaning subjects lost flexibility in that area. 
Only one study reviewed, Landreth (1957) investigating over and under-
stretching dur.ing a four-week period, presented evidence of reduced 
flexibility after a period of stretching. The change observed in the 
study was not significant {p f .. 05). 
· The three different results observed, the Sit and Reach with a 
significant (p ~ .OS) loss in flexibility, Groin with no significant 
(p? .OS) change, and Shoulder Flexibility with a significant {pi • 95) 
increase, indicated that P.N.F. stretching does not affect the three 
areas in the same way. The results can be better understood when revi.ew-
ing other studies dealing with similar questions. Leighton (1957) found 
that flexibility will be increased, within individual joints, depending 
upon the activity. Puhl (1965) further stated that participation in an 
activity will increase flexibility of a specific joint to the degree 
which is required for that activity. Injury may have been greater in 
the body areas tested by the Sit and Reach test and Groin test, where no 
change or a loss of flexibility was observed. Klafs (1977) stated that 
injury to muscles increases the likelihood of the muscle to become less 
elastic and, therefore, lose flexibility. Also, areas tested by the 
Sit and Reach test and Groin test are considered to require more power 
movements than those required of the area tested by the Shoulder 
Flexibility test. In Nicholas' (1970) three-year study of the relation-
ship of knee injuries to flexibility, he concluded that those players 
who exhibit the ability to execute power movements possess less flexibili.ty. 
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Results of the Within-Day 'Tests. The second ltypothesis stated 
there would be no significant (p~ .05) mean differences in flexibility 
measures among pre-, post-, 15-minute, and 30-minute test values of the 
Sit and Reach, Groin, and Shoulder Flexibility tests. The hypothesis 
was rejected when all tests presented evidence that indicated a signifi-
cant (p ! .05) increase in flexibility from pre-tests to post-tests. 
The increase was maintained until the · 30-minute test, as seen by the 
t-test .conducted on pre-test to 30-minute test. 
Results of the ANOVA test for the Shoulder Flexibility and 
Sit and Reach tests indicated there were significant (p~ .05) diffecences 
between the mean changes. Tukey procedure results revealed the signifi-
cant differences to be between pre-tests and post-tests in both cases. 
No significant difference in the flexibility change wes seen among Groin 
tests. 
Findings obtained from the study investigating within-day changes 
of flex1bility agreed with the findings of previous studies on stretching 
using P.N.F. techniques. All three tests showed significant (p ~ .OS) 
increases in flexibility as measured prior to the P.N.F. program being 
administered immediately after the trea~ment. The increased flexibil ty 
observed remained at a significant level (pi .05) from pre-test to 30-
minute test. These findings are in agreement with the findings of Holt 
~· al. (1970) and Tanigawa (1972) obtained .from their studies on P.N.F. 
techniques applications. 
Discussion of the Study. This study is unlike most studies pre-
v!ou~ly conducted on flexibility effects. Unique features of this study 
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include a time period which covered an entire football season, the use 
of football players as subjects, and the examination of the relatively 
new P.N.F. technique. lVhen taken in combination, these variables, in 
one study, represent a more realistic examination of "real world" events 
with respect to flexibility. training. 
In taking this broad approach to. examine the effects of the 
P.N.F. technique, several limitations were quite apparent. The large 
number of subjects receiving treatment, the training of three test 
administrators as opposed to just the investigator, the difficulty of 
main~aining maximum attendance at post-season data co.llection sessions 
during the football season potentially may have reduced the credibility 
of the findings produced. Uncontrollable variables also affected the 
study. Major injury reduced the number of subjects, but there were 
numerous minor injuries that may have affected the study but not stopped 
the subject from participating in football or in the study. The vari-
ability of the weather may have entered intc psychological, s well as 
physical, performance in the flexibility testing. 
Considering both the strengths and limitations discussed above, 
this study represents progress over previous research in its attempt 
at understanding flexibility and its utility in a sports setting. 
· Further investigations must take into account the difficulti es of con-
ducting a study uith such a group as a football team. Such action 
research, however, should continue to examine the effects of treatments 
and impx:oving methodology. 
· CHArTER V 
S~UffiY, . FINDINGS AND CONCLUSIONS 
The purpose of this investigation was three-fold. The primary 
purpose was to determine if, during the course of the season, any changes 
occurred in specific flexibility of football players, using a P.N.F. 
flexibility program. A secondary purpose was to determine, fi.ve weeks 
after the conclt,sion of the st:r~tching program, if any changes in flexi-
bility that had occurred were maintained. The third purpose was to 
investigate ~ny immediate change that might occur in flexibility with 
the use of a P.N.F. program. 
Eighty-eight members of the 197S South Dakota State football 
team servec as subjects for the study. The study was conducted from 
August 10, 1979, through January 17, 1980. Anthropometric data collected 
for each subject were height, weight, and percent body fat. Each subject 
was pre-tested, post-tested, and retention tested with three flexibility 
tests: Sit and Reach test, Shoulder Flexibility test, and Groin test. 
Fifteen volunteers from the football team were used in the sub-study to 
iuvesti.gate immediate change in flexibility. At the conclusion of the 
study, 0:1~.;T 23 subjects had met all the test requ:f.renients and only t heir 
results "t.Tere used in the statistica.l analysis of the study. 
The data were analyzed and summarized in three parts. The first 
part includes a dj.scuss!on of the reliabilit:y and reproducibility of 
the Sit and Reach test scores, Shoulder Flexibility test results, and 
Groin test results. The second part is a discussion of the comparison 
of mean changes that occurred during the season testing period. 
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Contained in the third part is a discussion of the data analysis obtained 
from the Sit and Reach test, Shoulder Flexibility test, and Groin test 
to investigate immediate changes in flex·ibili-ty •. 
Findings 
1) The analysis of the results of reliability and reproducibility 
of the data indicated that all the test-retests had high correlation 
coefficients. 
2) Six of the nine tests showed significant (p ~ .05) differences 
between the test and retest for reproducibility test measurements. The· 
Groin and Sit and Reach 5-week tests and the Groin pre-test were the . only 
tests that did not show a significant (p:? • 05) difference between the 
teat and retest for reproducibility of test me~sures. 
3) The results of the Season Sit and Reach test indicated signif-
icant negative differences between the means of the pre-test and post-test 
and between the pre-test and 5-week test. No significant change was 
indicated between post-test and 5-week test •. 
4) In the Season Sit and Reach tests, the mean change observed 
between pre-test and post-test was significantly different in a positive 
· direction from the mean change observed between pre-test and 5-week test. 
5) No significant changes were observed in any of the Season 
Groin Flexibility tests. 
6) The results of the Season Shoulder Flexibility tests indicated 
positive mean changes between pre-test and post-test, post-test and 5-week 
test, and pre-test and 5-week test. 
7) There were no significant differences between the mean 
changes of Lhe Season Shoulder Flexibility . tests. 
8) The results of the within-day Sit and Reach test revealed 
significant positive mean changes between pre--test and post-test and 
between pre-test and 30-minute test. 
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9) The positive mean change recorded between pre-test and post-
test, of the within-day Sit and Reach test, was significantly different 
from all other mean changes. 
10) The within-day Groin Flexibility test results indicated a 
significant positive change between pre-test and 30-minute test. 
11) No significant differences were observed betw~en mean changes 
found in the results of the within-·day Groin Flexibility test. 
12) The within-day test results of the Shoulder Flexibility test 
revealed significant positive mean changes between _pre-test and post-test 
and between pre-test and 30-minute test. 
13) The ~ean change recorded between pre-test and post-test of the 
within-day Shoulder Flexibility test was significantly different than any 
other mean changes recorded. 
C'lnclusions 
Under the conditions of the present study, and within the limita-
ti.ons described, the following conclusions were drawn: 
1) Over a period of five months, the effects of a P.N.F. stretch-
ing program on football . players were differt:!nt in dif~erent body areas. 
In the shoulc!er area, flexibility was increased; flexibility in the groln 
area remained at the same level; and in the area tested by the Sit and 
Reach test, there was a loss of flexibility. 
2) P.N.F. stretching increases flexibility immediately after 
its application and that increase is maintained at least 30 minutes 
afterward. 
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APPENDICES 
APPENDIX A 
MEASUREME1~ OF HORIZONTAL SHOULDER· RANGE OF MOTION 
THE SUBJECT SHOULD BE INSTRUCTED TO: 
1. Sit with back erect, legs extended, and knees straight. 
2. Raise arms to sides at shoulder height, palms facing 
forward. 
3. Keeping arms at shoulder height and without leaning 
forward or turning palms downward, pull arms backward 
as far as possible. 
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THE ASSISTANT SHOULD INSTRUCT THE SUBJECT ACCORDING TO THE ABOVE GUIDE- -
LINES AND THEN BE SURE THAT: 
1. The subject is allowed to perform the test one time to 
acquaint himself with the test. 
2. There are thr.ee trials recorded. 
3. The recoxding is done to the nearest half centimeter. 
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APPENDIX B 
MEASUREMENT OF GROIN R&~GE OF MOTION 
THE SUBJECT SHOULD BE INSTRUCTED TO: 
1. Sit on the ground, spread legs as far as possible. 
2. Lean back on hands for balance. 
THE ASSISTANT SHOULP INSTRUCT THE SUBJECT ACCORDING TO THE ABOVE GUIDE-
LINES AND THEN BE SURE THAT: 
. 1. The subject is allowed to perform the test cne time to 
acquaint himself with the test. 
2. There are three trials recorded. 
3. The recording is done to the nearest half centimeter. 
APPENIJIX C 
MEASUREHENT OF LOlfflR-BACK-HAMSTRING MUSCLE GROUP FLEXIBILITY 
THE SUBJECT SHOULD BE INSTRUCTED TO: 
1. Sit on ground and place big toes on the two white strips 
of tape. 
2. Lock knees and place index fingers together. 
3. Reach as far as possible and hold that position until 
assistant reads the number out loud. 
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THE ASSISTANT SHOULD INSTRUCT THE SUBJECT ACCORDING TO THE ABOVE GUIDE-
LINES AND TH~N BE SUP~ THAT: 
1. The subject is allowed to perform the test one time to 
acquaint himself with the test. 
2. Tlte knees are not bent. 
3. There are three trials recorded. 
4. The recording is done to the nearest half centimeter. 
Column 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
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APPE:t\'1>IX D 
RAW DATA 
The following are the column codes used on the raw data tables: 
Code 
ID - Season 
Percent Body Fat . 
Height (em.) 
Weight (kg.) 
Age 
Sit and Reach Pre-test 1 - Season 
Sit and Reach Pre-test 2 - Season 
Sit and Reach Pre-test Mean - Season 
Sit and Reach Post-test 1 - Season 
Sit and Reach Post-test 2 - S~ason 
Sit and Reach Post-test Mean - Season 
Sit and Reach 5-Week Test 1 - Season 
Sit and Reach 5-Week Test 2 - Season 
Sit and Reach 5-Week Mean - Season 
Groin Pre-test 1 - Season 
Groin Pre-test 2 - Season 
Groin Pre-test Mean - Season 
Groin Post-test 1 - Season 
Groin Post-test 2 - Season 
Groin Post-test Mean - Season 
Groin 5-Week Test 1 - Season 
Groin 5-Week Test 2 - Season 
Groin 5-Week Test 3 - Season 
Shoulder Pre-test 1 - Season 
Shoulder Pre-test 2 - Season 
Shoulder Pre-test Mean- - Season 
Shoulder Post-test 1 - Season 
Shoulder Post-test 2 - Season 
Sho~lder Post-test Mean - Season 
Shoulder 5-Week Test 1 - Season 
Shoulder 5-Week Test 2 - Season 
Shoulder 5-\~eek Test Mean - Season 
ID Within Day 
Sit and Reach Pre-test - Day 
Sit and Reach Post-test - Day 
Sit and Reach 15-Minute Test - Day 
Sit and Reach 30-:Hinute Test - Day 
Groin Pre-test - Day 
Groin Post-test - Day 
Groin 15-·Minute Test - Day 
Groin 30-Hiuute Test - Day 
73 
42 Shoulder Pre-test - ~ay 
43 Shoulder Post-test - Day 
44 Shoulder 15-Minute Test - Day 
45 Shoulder 30-Minute Test - Day 
1 2 3 
1 16.20 190.9 
2 6.96 180.6 
( . 
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ArPENDIX D 
RAW DATA FOR SEASON-LONG STUDY 
4 5 6 7 8· 9 10 11 12 
95~5 20 38.3 41.3 39.8· 38.3 40.0 39.2 38.7 
80.9 22 39.0 46.3 42.7 23.3 28.0 25.7 23.3 
3 12.62 185.8 94.1 21 48.~ 48.7 48.5 46.0 46.3 46.2 46.7 
4 . 9.41 185.8 86.4 19 52.0 51.3 51.9 50.7 50.0 50.4 49.0 
5 12.70 183.2 102.3 21 49.0 46.7 47.9 38.3 38.7 38.5 34.7 
6 11.03 178.0 85.0 20 49.0 49.5 . 49.3 45.0 44.7 44.9 45~3 
7 13.54 193.5 102.3 21 48.7 47.5 48.1 41.2 42.0 41.6 41.0 
8 7.35 178.0 79.5 21 61.0 62.7 61.9 57.0 58.7 57.9 60.3 
9 10.60 183. 2 81.8 20 45.3 48.7 47.0 42.3 45.7 44.0 42.0 
10 14.99 190.9 116.8 19 53.0 53.0 53.0 53.7 53.7 53.7 54.7 
11 10.09 183.2 81.8 21 45.0 46.7 45.9 42.3 44.0 43.2 41.7 
12 19.84 190.9 104.5 21 34.0 43.0 38.5 38.7 45.3 42.0 43.3 
13 7.85 183.2 
14 8.60 193.5 
15 13.54 188.3 
16 9.26 190.9 
17 9.18 193.5 
18 7.53 180.6 
19 13.26 175.4 
79.1 18 57.7 58.3 58.0 51.5 52.3 51.9 55.7 
84.1 20 60.0 61.0 60.5 53.7 53.0 53.4 53.3 
97.7 20 48.0 I 47.3 47.7 44.2 44.0 44.1 44.0 
93.2 19 56.3 58.8 57.3 4~.8 51.8 50.8 49.3 
93.6 19 44.5 48.3 46.4 41.7 43.0 42.4 43.0 
75.0 19 44.0 43.7 43.9 35.0 34.0 34.5 34.7 
77.7 19 47.7 48.7 48.2 43.7 44.0 43.9 42.7 
20 16.57 196.1 106.8 18 43.3 45.5 44.4 38.0 38.7 38.4 39.7 
21 9.38 183.2 
22 8.75 185.8 
23 5.91 190.9 
81.8 19 51.7 53.3 52.5 50.7 52.0 51.4 48.7 
75.0 20 43.0 46.3 44.7 41.7 43.3 42.5 42.7 
88~6 19 56.3 57 . 0 56.7 .55.3 56.7 56.0 53.7 
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APPENDIX D 
RAW DATA FOR SEASON-LONG ·sTUDY (Continued) 
13 14 15 16 17 18 19 20 21 22 23 
40.3 39.5 159.7 163.3 161.5 161.7 163.0 162.4 161.3 164.3 162 . 8 
25.3 24.3 134.0 134.3 134.2 120.0 121.3 120.7 121.3 122.3 121.8 
-
47.3 47.0 145.7 148.7 147.2 151.3 152.7 152.0 152.3 15~.3 153.3 
48.7 48.9 140.7 146.0 143.4 142.0 147.0 144.5 141.7 142.3 142.0 
32.0 ' 33.4 158.7 157 . 0 157.9 148.3 151.3 149.8 147.3 146.7 147.0 
45.0 45.2 148.7 151.0 149.9 146.3 148.7 147.5 146.0 145.7 145~9 
40.7 40.9 153.3 159.0 156.2 151.7 1~8.3 . 155.0 151.0 150.3 150.7 
61.0 60.7 147.7 147 . 7 147.7 147.0 148.3 147.7 148.7 147.3 148.0 
43 . 0 42 . 5 145. 3 150.0 147 .7 145.0 146.3 145.7 145.0 145.3 145.2 
54.3 54.5 153.7 157 . 3 155.5 160.7 163.3 162.0 161.3 163.7 162.5 
43.0 42.4 128.3 130.7 129.5 117.0 119~7 118.4 116.7 117.3 117.0 
45.0 44.1 144.3 139.3 141.8 144.0 143.7 '143.9 144.7 145.3 145.0 
53.0 54.4 142.0 143.3 142.7 130.0 139.3 134.7 132.7 133.3 133.0 
52.7 53.0 165.3 172.7 169.0 180.7 183.3 182.0 180.3 180.7 180.5 
44.3 44.2 138.7 139.0 138.9 149.3 150.3 149.8 157.0 156.7 156.9 
48.0 48.7 158.0 162.3 160.2 150.7 . 153.7 152.9 151.7 149.7 150.7 
44.0 43.5 153.7 161.3 157.5 141.7 143.7 142.7 141.3 144.3 142.8 
32.0 33.4 152.3 138.0 145.2 145.3 148.7 146.9 145.0 147.3 146.2 
43.0 42.9 141.7 141.7 141.7 139.7 142.7 141.2 140.0 141.3 140.7 
38.0 38.9 149.7 155.3 152.5 144.7 149.3 147.0 158.0 156.7 157.4 
49.0 48.9 148.0 153.3 150.7 .155.7 156.3 156.0 160.7 162.0 161.4 
44.7 43.7 1~7.7 136 . 3 137.0 139~3 141.0 140.0 139.7 141.3 140.5 
52.3 53.0 i47.0 152.7 149.9 158.7 160.3 159.5 156.0 152.4 154.2 
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APPENDIX D 
RAW DATA FOR SEASON-LONG STUDY (Continued) 
24 25 26 27 28 29 30 31 32 
53.7 54.7 54.2 63.0 62.3 62.7 61.3 59.7 60.5 
63.7 52 .. 3 58.0 50.7 49.7 50.2 5·2. 1 47.3 50.0 
97.0 93.7 95.4 75 .• 3 75.0 75.2 71.0 68.7 69 .. 9 
92.7 80 . 3 86.5 80.3 81.0 80.7 65.7 58.3 62.0 
133.0 108.3 120 . 7 85.0 84.7 84.9 89.7 79.7 84.7 
1.08.0 78.3 93.2· . 66.3 66.7 66.5 72.0 67.3 69.7 
133.7 100.7 117.2 85.3 84.7 85.0 . 83.0 74.7 78. ~9 
69.0 60 . 7 64 . 9 58 . 7 57.3 58.0 51.7 49.7 50.7 
105.3 80.3 92.8 69. 7 70.3 70.0 72.7 . 69.3 71.0 
113.0 91.7 102 .4 90.3 88.7 88.9 88.0 78.7 83.4 
90.7 76.7 83.7 52.7 51.3 52.0 56.0 50.3 53.2 
104.7 93.0 98 . 9 93.3 92.1 92.7 100.3 99.7 100.0 
74.0 69.0 71.5 94.3 95.7 95.0 65.7 63. 0 64.4 
72.3 66.3 69 . 3 59.7 58.3 59.0 61.3 60.7 61.0 
105.7 86.7 96.2 85.7 84.3 85.0 79.0 70.3 74.7 
69.3 74.7 72.0 87.3 85.7 86.5 89.3 85.7 87 . 5 
85.7 81.7 83.7 83.7 79.3 81.5 82.0 78 . 3 80.2 
108.7 99.3 104.0 87.7 85.3 86.5 91.0 87 .3 89.2 
105.7 85.7 95.7 100.0 93.7 96.9 98.3 69.7 84.0 
131.0 120.3 125.7 129.3 127.3 178.3 127.3 119.3 
123.3 
. 70.3 67.0 68.7 69.0 68.3 68.7 69.3 / 
60.7 60.0 
119.0 76.7 97.9 64.3 63.7 . 64.0 
62.0 60.3 61 &2 
93.7 65.7 79.7 67.0 65.7 66.4 
66~7 62.3 64.5 
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APPENDIX E 
RJ.W Dl~A FOR WITHIN-DAY STUDY 
33 34 35 36 37 38 39 40 41 42 43 44 45 
1 32.7 /i3. 0 39.5 43.5 165.0 169.0 169.3 170.0 56.0 48.0 49.7 48.3 
-
2 36.0 41.0 40.7 40.3 133.0 138.0 137.0 137.0 60.0 56.7 57.0 57~3 
3 47.0 48.3 45.0 48.3 159.0 16i.o 160.0 161.0 117.0 92.7 94.0 94.3 
4 46.0 5~.2 49.5 49.0 151.0 155.0 149.0 149.7 109.7 87.3 92.0 85.7 
s 28.0 33.3 33.0 33.0 131.3 134.3 135.0 134.7 110.0 97.0 98.3 98.7 
6 26.1 35.3 30.7 34.0 170.0 177.0 175.0 175.3 92.3 85.0 84.7 88.3 
7 58.1 6!.5 59.3 59.0 144.3 147.0 146.0 144.0 58.7 46.0 49.0 49.3 
8 44.0 46.0 46.3 45.7 127 .o 132.0 132.0 130.0 84.3 77.0 .76.7 72.0 
9 3!40 37.3 38.0 37.0 142.0 148.7 145.3 142.3 100.0 91.0 92.0 92.7 
10 25.0 32.7 32.5 32.3 158.3 163.0 164.3 165.1.) 81.3 59.3 68.3 65.7 
11 44.0 49.0 49.3 48.7 136.0 139.3 139.0 137.0 91.3 81.0 78.7 79.7 
12 49.3 58.7 57.7 57.3 156.0 161.3 160.7 157.0 78.3 61.3 62.3 62.7 
13 34.8 41.0 40.3 36.0 148.0 165.3 157.7 158.7 89.3 68.3 74.0 72.7 
14 52.5 57.3 57.1 57.3 154.3 161.0 159.7 158.0 63.7 56.0 75 .4 71.7 
15 39.0 46.7 49.0 49.0 135.0 137.0 138.7 138.0 80.3 73.0 70.3 7:3.5 
